IT has been known for many years that epidemics of whoopingcough, like those of many other infectious diseases, show a tendency to recur at more or less regular intervals. These intervals in whoopingcough are generally stated to vary from two to three years. Comparatively recently another method of investigation has become available, making it possible to determine this periodicity more accurately than hitherto. The method is known as that of the " periodogram," and was devised and developed by Professor Schuster [1], who, with others, made use of it in the investigation of periodicity in the recurrence of various physical phenomena-viz., sunspots, &c. The application of the method to the elucidation of the problems of periodicity in the field of epidemiology we owe to Dr. Brownlee [2], who was the first to realize its possibilities in this direction, and who has contributed several papers on the subject, including an exhaustive investigation by the method into the periodicity of measles. For a completely detailed account of the principle and numerous illustrations of its application the reader is referred to these papers. Briefly, the method is based essentially on the fact that the existence of a hidden periodicity in any long series of figures or statistics can be demonstrated by writing the figures consecutively in rows or periods of gradually increasing length and summing the columns of each set of figures ' Read at a meeting
thus obtained. On a comparison of the totals of the columns in the different groups of figures for the periods of varying length, it is seen that where the number of columns coincides approximately with the length of a definite periodicity in the series of figures, the range between maximum and minimum is great, whereas if the number of columns diverges from the length of the period the totals may be of nearly equal value. By fitting a Fourier series to the totals of the columns for each of the different sets of summations amplitudes are calculated. A study of the values of these amplitudes determines the lengths of the probable periodicities.
The data for the present investigation are taken from the weekly returns, issued by the Registrar-General of England and Wales, of the deaths from whooping-cough in eleven large towns, for the years 1870-1910. It was not till 1870 that weekly returns of deaths from indi-vidual infectious diseases for the large towns were first made, so that the investigation cannot be continued further back than this year. In the case of London, however, statistics are available from the year 1840. The towns selected for investigation were London, Bristol, Liverpool, Manchester, Salford, Sheffield, Newcastle and Birmingham in England, Glasgow and Edinburgh in Scotland, and Dublin in Ireland, towns which show considerable variety in climatic conditions. and in industrial activities. The figures made use of in the investigation are those of the actual number of deaths that occurred. Except in the case of London, no correction has been made for the gradual increase that has taken place in the population of the various towns from year to year.
It might be contended that as there is less than a 5 per cent. casemortality from whooping-cough, the data from deaths may not giveresults comparable with those obtainable from a consideration of the number of cases. According to Hirsch [4] it is impossible to make out how far the maxima and minima of the death-rate from whooping-cough may depend upon the larger or smaller number of the sick, inasmuch as there is a lack of data as to the number of cases for nearly all the localities; where there are such returns it is impossible to find any correspondence between the maxima and minima of the sickness and those of the mortality, on comparing the figures for each. Statistics of the number of cases that occurred weekly in any of the towns chosen are, moreover, not available. In the city of Aberdeen notification existed, however, for the twenty years A chart showing the death-rate per 100,000 of population in each month, given by Dr. Laing, shows a close resemblance to that which exhibits the prevalence of the disease.
The method of investigation has been as follows. The figures representing the weekly number of deaths given in the returns of the Registrar-General for each of the eleven towns selected were transferred to Power's tabulating cards by the punching machine, each card recording the figures for an individual week-for the whole of the towns named. The cards were first arranged in groups of 80 weeks, and suitably distributed by " space and total" cards. They were then passed through the tabulating machine. By this means the totals of the columns for the period of 41 years for each of the eleven towns were automatically printed. The process was repeated to obtain the totals for the weekly figures arranged in 81 columns, and was continued till the totals obtained by summing the numbers of deaths at intervals of one week from 80 to 100 weeks, and at two-weekly or four-weekly intervals from 120 to 160 weeks had been recorded for each town. By ufilizing the tabulating machine the labour of writing out the figures again and again to obtain the totals for each period from 80 to 160 weeks was avoided. All that was necessary was to re-arrange the punched cards into groups of whatever period was being summed. By having a duplicate set of punched cards much time was saved.
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The series of totals obtained for the different periods were now reduced to twenty terms (see Dr. Brownlee This diagram shows the graphs of amplitudes constructed for the eleven large towns named in the text. For each town the amplitudes of the first harmonip were calculated at intervals of one week from 80 to 120 weeks, and at two-weekly and four-weekly intervals from 120 to 160 weeks. The figures from which the graphs have been drawn are shown in Table II. of Measles," Appendix IV; p. 38), and from these the co-efficients of the sine and cosine of the first harmonic with the corresponding amplitudes were calculated. In the case of some of the towns these  TABLE II.-SHOWING THE AMPLITUDES IN THE PERIODOGRAM ANALYSIS OF EPIDEMICS OF MEASLES  IN THE GREAT TOwNS OF ENGLAND, SCOTLAND AND IRELAND. 1870-1910 1870-1910 1870-1910 1870-1910 1870-1910 1870-1910 1870-1910 1870-1910 1870-1910 1870-1910 1870-1910 Weeks values were obtained by arithmetic, but in others they were estimated graphically by the aid of the planimeter from specially prepared sine paper, on which the quantities had been graphed. A close correspondence was found to exist between the results obtained by the arithmetical and the graphical methods, the difference being no more than 3 or 4 per cent.
The amplitudes having been calculated in the manner indicated, a graph of amplitudes was drawn for each of the towns under investigation showing the varying range of this measure from 80 to 160 weeks. These graphs are shown in Diagram I and the amplitudes in Table II . It is considered best to describe in detail in the first place the graph of amplitudes plotted for London, because of the greater length of tinle for which statistics exist, then to give an account of the graphs for the other towns under investigation, and to compare the features in which the graphs of these resemble and those in which they diverge from that of London.
The graph of amplitudes constructed from the data for London is divided into two parts: the first part for the epoch 1840-69, the second for the epoch 1870-1910. The outstanding feature in the second section of the graph of amplitudes is the large amplitude, the maximum point on the graph, at 104 weeks, or two years exactly. The value of this amplitude is 365. A period of approximately two years seems to be the main one in the range of the graph from 80 to 160 weeks, connoting a periodicity of about 104 weeks in the occurrence of epidemics of whooping-cough in London. At no other point in the graph is there an amplitude in any degree comparable to this, the next greatest amplitude being that shown at 160 weeks with a value of 155. From the second harmonic the amplitudes from 40 to 80 weeks were graphed. In this section of the graph the only large amplitude is that at 52 weeks. The value is 485. This measures the seasonal periodicity of the death-rate from whooping-cough which attains, as is well known, its maximum annual prevalence in March and April of each year.
As a preliminary proceeding to the interpretation of the graph it is necessary and important to apply two criteria to the elevations shown on it. In one test the square of the amplitude at each apparent period is compared with the mean square of the amplitudes at another section of the graph where no period is probable, and the value of the ratio between the two determines whether the first amplitude is of sufficient magnitude to indicate a real or significant periodicity or whether it is such as may be produced by chance or accidental circumstances. By reference to the table constructed by Professor Schuster [1] the exact probability of the independent existence of the period is obtained. The value of the ratio in this case is over 40, indicating immeasurably great odds in favour of the existence of a true periodicity. The second test enables us to distinguish whether the range of amplitudes found in the Diagram Diagram II.-This diagram illustrates the method of determining graphically whether the elevation on the London graph of amplitudes is due to a single or a compound period. The actual observations-are indicated by a continuous line with crosses, the theoretical by a line with solid circles. The residual area existing after the area mapped out by the range of amplitudes that might be expected with the maximum ordinate at 104 weeks is very obvious.
Diagram III.-This diagram shows the graph of amplitudes in the vicinity of 104 weeks constructed from the data for London. It is indicated by the continuous line with crosses on it. On this graph are superposed graphs delimiting the range of amplitudes due to theoretical periods at 102 and 107 weeks, and the respective areas of the whole elevation due to these are indicated by continuous lines with solid circles thereon. graphs of the amplitudes is produced by a single period or is due to the presence of two or more periods of nearly identical length. It is comparatively easy [2 (3)], to superpose on the graph the theoretical values calculated for the amplitudes adjacent to the principal amplitude, taking account of the magnitude of the latter and of the number of rows in the statistics. A comparison of the curve thus obtained with that already constructed for the amplitudes derived from the original data is shown in Diagram II. It is apparent from & comparison of the data with the formula that a period of 104 weeks alone cannot account for the phenomena observed. The apparently u,aiform course of the graph of amplitudes is not accounted for by a single period, but may be due to the presence of two or more. With such statistics it is impossible to make any complete analysis. Certain assumptions may, however, be made and their results compared with the facts. The first assumption made was that one period is in the neighbourhood of 102 weeks. Performing the necessary calculations by the method described by Mr. Trachtenberg in a paper to be published soon, it is found that if a period exist at 102 weeks the residue of the elevation ifi the graph is accounted for almost in its entirety by a second period of 107 weeks. Similar calculations were made for periods of 101 and 106 weeks but the fit is not so good. It may be assumed with a certain degree of probability that the two periods of 102 and 107 weeks respectively, or periods very similar to these, may account for the features of the LQndon graph* (Diagram III). In the earlier period, however, that referring to the years 1840-69; the statistics, seem to indicate that the principal periods then existent were of lengths of 101 and 106 weeks respectively. To test the matter further a graph has been constructed for London showing the deaths that occurred in this city in lunar months for the epoch 1870-1910 (see Diagram IV). Under the base line of this graph are inserted definite rmarkings, solid circles and crosses, to denote the points at which the height of the epidemics should occur in accordance with periodicities of 102 and 107 weeks respectively. A brief study of the diagram is sufficient to demonstrate that from 1876 to 1891 marked coincidence between the maxima of the epidemics shown in the graph and the periodogram periods exists. In this section of the graph the points of occurrence of the 102 and 107 weeks' periods are practically coincident and harmonize with the maxima of the epidemics graphed from the original data. In the last section of the graph the periods seem to have little if any marked relation to the incidence of the epidemics. From 1891 onwards the' points of occurrence of the theoretical maxima of the periods at 102 and 107 weeks which have progressively diverged from each other coincide with the troughs rather than the elevations of the graph. It is to be noted that this divergence of the assumed maxima from the real is associated with a great lessening in the number of the deaths. It must be remembered that all this is guess-work, as the data are not sufficient to make any proper determination. The closer correspondence of the theoretical epidemics with the actual data in the middle of the epoch than in the remainder is well illustrated. The points where elevations due fo an epidemic of 104 weeks might be expected are shown by the following sign (i).
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The phenomena for measles are quite different from those found in whooping-cough. In the former an epidemic corresponding to a period determined by the periodogram may be absent or of little moment for a time and again turn up in the expected site. Sometimes this appears due to the existence of circumstances, seasonal or other, which are unfavourable to the development of an epidemic. In whooping-cough, however, the data do not seem sufficiently homogeneous to permit of this phenomenon being observed. The explanation may be that the predominating periodicity has been changing at intervals. A change from 101 and 106 weeks' to 102 and 107 weeks' period seems to be indicated though it cannot be held in the least proved. It seems even possible that a regular periodicity may be entirely in abeyance for a section of the epoch under consideration, although the analysis of the statistics as a whole shows a well marked periodicity. Under the base line of the London graph marks (0) have been placed indicating the points where a 104 weeks' period should occur. These points seem to coincide more closely with the maxima of the graph than do the 102 and 107 weeks' periods already inserted, as of course would be expected from the presence of the seasonal variation, but this does not explain the whole phenomenon. It can only be said definitely that periods constanY7or inconstant in the neighbourhood of 104 weeks are the determining causes of the phenomena observed in the.London statistics.
The statistics of London have also been systematically and carefully investigated for any longer periods between 160 weeks and 260 weeks (five years). This was done by writing out the monthly figures consecutively in periods at intervals of one month from 40 to 65 months and performing the necessary Fourier's analysis in each case. No period of any real significance, however, was found to be present.
The data for the other large towns already mentioned were investigated in a similar manner to those of London in the search for confirmation or refutation of what was found there and the inferences that have been drawn from these findings.
When the graph of amplitudes constructed for Bristol is examined, it is seen to differ in a very important feature from that of London in that the period in the vicinity of 104 weeks is completely absent. Two principal periods are evident, one at 95 weeks with an amplitude of 455, and a second at 124 weeks with a value of 530. In the section of the graph from 40 to 80 weeks, plotted from the second harmonic, there is a very large amplitude at 52 weeks which has a value of 545. As there is practically a negligible amplitude at 104 weeks this 52 weeks' amplitude must be wholly expressive of the seasonal periodicity of whooping-cough in Bristol. Besides the two main periods which occur at 95 and 124 weeks respectively, the graph shows several elevations with a greater amplitude than 200. These are located at 89 weeks, 108 weeks and 138 weeks respectively, the amplitude of the 89 weeks' period being as high as 279, but they are quite overshadowed and appear relatively insignificant in comparison with the two main periods already mentioned.
The graph for Newcastle shows the principal period at 104 weeks exactly. This amplitude has a value of 338'6 and is the outstanding feature of the graph. There is another period at 124 weeks where the amplitude is 305. At 96 weeks, 140 weeks, and 144 weeks there are present three elevations on the curve with amplitudes of 190, 250 and 220 respectively.
The predominant period in the Liverpool graph is that at 104 weeks with a value of 282. Less well-marked elevations on the curve attain their maxima at 86, 96 and 111 weeks, where the values of the amplitudes are 220, 180 and 255 respectively.
In the graph of amplitudes for Birmingham the main period is shown at 991 weeks approximately with a value of 337, which is considerably greatPr than any other amplitude visible in the graph. There is a well-defined subsidiary elevation at 86 weeks with an amplitude of 205. Near the middle of the graph there is a plateau surmounted by several elevations which show amplitudes varying from 185 to 190. The amplitude for 104 weeks is almost the lowest point on the curve, exhibiting a value of 75 only.
When the graph constructed for Salford is examined it is seen that there is one very evident period, the most prominent characteristic of the curve, at 105 weeks approximately with a value of 465. That this period is not exactly two years but slightly in excess of that is well illustrated in Diagram VI (p. 222). At 84 weeks there is a well-defined subsidiary elevation with an amplitude of 185, and at 122 weeks another with an amplitude of 190. At no other point on the curve does the amplitude rise above a level of 160. The longest predominant period of all those considered is found' in the Dublin graph, which reaches its highest level at 135 weeks, where the amplitude is 473. There is another well-marked elevation, reaching its maximum at 124 weeks, with a value of 430. Less The principal period in the graph of amplitudes for Glasgow is one of 116 weeks approximately where the value is 305. Amplitudes of 265 and 262 are shown at 106 and 108 weeks respecti'vely while at 99 weeks there is an amplitude of 187.
The graph for Edinburgh attains its highest level at 119 weeks where the value is 278. The amplitude at 156 weeks is 165. There is a subsidiary elevation with its maximum at 89 weeks, the value at this point being 200. At 99i, 103 and 110 weeks three elevations with values of 220, 235 and 215 respectively are seen surmounting a plateau. The graph for the City of Manchester, unlike those for most of the other towns, shows no outstanding amplitude. The highest level attained is 210 at 124 weeks. On the curve several elevations are shown varying in value from 150 to 160 but there is no definite predominant periodicity apparent.
It has already been shown for London that no period of inore than two years existed. The longest period demonstrated has been that of 135 weeks in Dublin. It remains to consider how far long periods are absent from the other towns. Dr. Laing [3] came to the conclusion that epidemics of whooping-cough occurred in Glasgow and Edinburgh every three or four years and in Aberdeen every two years. While the latter is correct the investigation of the Glasgow and Edinburgh statistics shows no special tendency to a three years' period. The amplitude in Glasgow is small, only 170; in Edinburgh larger, 265, and possibly significant. The most marked example of a three-yearly period is that of Dublin where the amplitude is 280. In the first two cases, however, the curve in the periodogram shows a plateau rather than the type of elevation which corresponds to a period and suggests the presence of periods in the neighbourhood of three years which are irregularly present. The elevation in the Dublin graph which attains its maximum at 156 weeks when tested in the manner already described seems, however, to be wholly due to a simple period. An examination of the original data does not show any evidence that these relatively high amplitudes at long periods in Edinburgh and Dublin are due to the accidental coincidence of the totals of large epidemics in writing out the figures.
The apparent periodicities shown on the graphs of the provincial towns have been subjected to the two tests already described for London. In some of the graphs the predominant amplitudes are so outstanding in comparison with the others and with the section of the graph where no periodicity is probable, and are so evidently indicative of a real periodicity that the application of the test is unnecessary, but in others, e.g., Edinburgh and Sheffield, the principal amplitudes seem to fall within a range which indicates that they may be due to accidental variations in the figures. The second test to determnine the range of amplitudes due to a period and to differentiate simple from compound periods when applied to the predominant elevations on the graphs, shows that the 104 weeks' period in Liverpool and Newcastle, the 941 weeks period in Bristol, and the 123 and 135 weeks periods in Dublin are undoubtedly simple. The elevation in the Salford graph with its maximum at approximately 105 weeks, that of Birmingham at 99-weeks and that of Bristol at 125 weeks show appreciable residues after the areas due to the apparently principal periods have been mapped out. This may indicate that these periods are not simple, but it is even more impossible to analyse them with any certainty into their component periods than in the case of the London graph.
An examination of the graphs for the various towns under investigation shows that in most cases (the exceptions being Manchester, Edinburgh and Sheffield) conclusive evidence is furnished of definite periodicities in the epidemics of whooping-cough. The average intervals between the epidemics vary considerably in length. That most frequently found is approximately 104 weeks. This period is exactly 104 weeks in Newcastle and Liverpool, in the neighbourhood of 104 weeks in London, and almost exactly 105 weeks in Salford. The latter value is apparently not due to chance, as during the last forty years the progress of the height of the epidemic into the spring has been regular throughout.
Of periods differing from 104 weeks in excess or defect there are numerous examples, some with amplitudes which make their existence particularly probable, others with smaller amplitudes, which when tested, in the usual manner, are found not to have a probability of separate existence greater than 1,000 to one. There is, however, no necessity to reject all these. If in different towns very nearly equal periods are found to exist, and if in some of these towns the periods come into the range of high probability, then it is also probable that the periods, though not specially important, may exist elsewhere.
Thus an undoubted period of 991 weeks is found in Birmingham and one of 94-weeks in Bristol. The amplitude at 99 weeks in Glasgow, though small, is verified from Birmingham. It may be remembered that the periodicities of measles in these two cities are almost identical. The period of 90 weeks in Dublin is, however, neither of sufficient relative magnitude to indicate high probability nor is it found elsewhere. In some cases the average period is greater than 104 weeks. The best examples of this are one of 111 weeks in Liverpool, two of 107 and of 116 weeks respectively in Glasgow, one of 124 weeks in Newcastle, one of 125 weeks in Bristol, and two in Dublin, one of 123 and another of 135 weeks. There is evidently a period of extensive geographical distribution in the neighbourhood of 124 weeks. With regard now to the exceptions: in the Sheffield graph amplitudes at 101, 108 and 125 weeks are prominent but none of these is of great magnitude. It seems more than a coincidence that the graph should attain a high level at 108 weeks and its highest level at 125 weeks considering that the former period occurs to some extent in Glasgow and the latter is very well marked in the graphs of Newcastle, Bristol and Dublin. This same remark applies to Manchester. This city, as has already been found in the case of measles, shows no definite periodicities but the graph attains The next graph, that for Salford (Diagram VI) is specially interesting. The chief period here is 105 weeks and the regular manner in which the epidemics are shown to recur is really a fact of importance. In the MY-EP 2 cases of Dublin and Bristol multiple periods have been demonstrated and the correspondence of the epidemics with their different periods are well illustrated (Diagrams VII and VIII). It will be noted that Diagram VIII. DIAGRAM VIII. This diagram shows the deaths from whooping-cough in Bristol in lunar months from 1870 to 1910. Each section of the graph represents two years. As in Dublin, two principal periods have been demonstrated by the periodogram.
These occur at 94i and 123 weeks respectively, and their expected points of occurrence are indicated by solid circles and crosses under the base line. occasional epidemics of some size occur in the graphs which are not included in the system or systems found by the method; on the other hand that the points at which epidemics are expected are not invariably represented by epidemic elevations on the graph. The latter feature is probably to be explained in most cases, certainly in some, by the fact that some seasonal conditions are unfavourable to the development of an epidemic. Thus though due in reality as apart from theory it may be found either not to materialize or to be much diminished in extent. To This diagram comprises four graphs showing the numbers of deaths from whooping-cough that occurred in each week of the year for both London epochs -1840-1869 and 1870-1910-and for the period of forty-one years, 1870-1910, in Glasgow and Liverpool. To each of these graphs a simple harmonic curve represented by a continuous line has been fitted, and the better fit shown by the first London epoch than in the second, Glasgow and Liverpool, is very obvious. There has been also superimposed, in the form of a discontinuous line on the graph for the first London epoch, the curve of the seasonal variation of the mean monthly temperature in London, and the relationship of this to the curve illustrating the mortality from whooping-cough is to be noted.
(Diagram IX, p. 226). The seasonal variation in the prevalence of the disease shows in all cases a maximum in the early months of the year and a minimum in the late autumn. A simple harmonic curve has been fitted to the data in each case. The amplitudes are all large. This curve gives a very close fit in most places. Two graphs, as already said, have been constructed for London for the epochs 1840-69 and 1870-1910 respectively, showing the total number of deaths which occurred in each individual week of the year during the periods and comparing the graphs thus obtained with the curve of the first harmonic. In the case of the first epoch the correspondence is almost absolute, in the case of the second somewhat less accurate. The harmonic curve fitted to the data for Liverpool shows a degree of correspondence with the latter which is in close agreement with that shown in the second London epoch. No such close correspondence to a simple harmonic curve is found either in the case of pneumonia or bronchitis. Further the maximum in these diseases corresponds better with the minimum temperature. With regard to whooping-cough the phenomena seem to be special. In the first epoch the maximum occurs on the fifty-seventh day of the year, in the second epoch on the sixty-fourth day. It may be said that the weather conditions of the winter produce a diminishing vitality lasting for a considerable number of weeks after the temperature has begun its upward course, while the higher vitality gathered in the summer withstands the fall of temperature for some time. This seems more likely than that the virulence or infectivity of the organism varies so as to produce this effect. The position of the maximum of fatality from whooping-cough varies, however, considerably from town to town. The following short table (Table IV) gives the day of the year at which the maximum number of deaths occurs: 
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The day of maximum fatality is seen to be practically identical in Liverpool, Manchester and Sheffield, to be somewhat earlier in Salford and considerably earlier in Birmingham. Bristol and Birmingham correspond closely with London, while Edinburgh and Glasgow show maxima which are very similar and correspond with that found in Newcastle. Dublin is remarkable for the early date of the maximum fatality, which occurs fortv-three days from the commencement of the year or little over half that observed in Liverpool, Manchester and Sheffield. The interpretation of the significance of this variation in the day of maximum fatality presents some difficulty. It has been suggested already that the date of minimum temperature has perhaps some association with the date of the maximum prevalence and to investigate this point the following table (Table V) has been constructed. 
This table, however, is disappointing in affording no interpretation of the facts; the minimum temperature in Dublin occurring very little later than the minimum temperature in Sheffield. If then the factor is climatic it cannot be dependent on temperature alone. Dublin has essentially an insular as opposed to a continental climate such as may exist to some extent at Sheffield, and this might be taken as open to the interpretation that the continental temperature was more depressant to the vitality of the young than the insular temperature, but if this is the case the maximum in Edinburgh should be later than the maximum in Glasgow, whereas such difference as there is is scarcely appreciable.
With reference to this conclusion it is worthy of note that Hirsch [4] , from a study of 495 epidemics of whooping-cough, came to the conclusion that the season of the year has no material influence upon the epidemic occurrence of the malady, and further adds that " experience within the higher latitudes themselves in all that relates to the prevalence of the disease and the death-rate from it in the several seasons and under the sort of weather characteristic of them, serves to show that this aetiological factor is always of secondary importance in producing the malady and in determining its type,"
In his investigation into the periodicity of measles Dr. Brownlee [2 (3) ] found that in five large towns, viz., Bristol, Birminghami, Glasgow, Edinburgh and Sheffield, the periodicities found resembled those in London. In whooping-cough, on the other hand, the graphs of the above-named towns present no features in which they resemble that of London, unless it be that the period of approximately 107 weeks in Glasgow is represented by what has been tentatively determined to be a component of the London compound period. It has also been found in measles that the principal periodicities, or those of any moment, shown in the towns under investigation are all more or less well represented in the ILondon graph. This is not so in whooping-cough, as, with the exception of the elevation in the vicinity of 104 weeks, the graph of London maintains an almost uniformly low level and shows no periods corresponding to the longer and shorter periods which have been demonstrated in the other towns.
Although the graphs of amplitudes under consideration do not present such definite features as the corresponding graphs for measles for the same group of towns they unddubtedly show that there exists in some of the latter at least a more or less definite periodicity in the recurrence of epidemics of whooping-cough. In this disease also, as has been mentioned, there is a considerable variation in the epidemic periodicity in the different towns.
Similar periodicities in an epidemic disease such as whooping-cough occurring, in different places may be assumed to indicate essentially similar causes taking effect in their production. The most reasonable explanation that has been offered to account for the periods of different duration that have been shown to occur in whooping-cough (which periods are, in some cases, so far as can be seen, independent of or without any obvious relation to the solar year or climatic variations, although in others they may be the result of, or modified by interference phenomena due to the interaction of varying weather conditions and the special organism causing the disease) seems to be that given to account for similar phenomena which have been found to occur in measles and small-pox. With regard to these it has been advanced that the length of intervals between the epidemics is in all probability associated with some vital property of the organism responsible for the disease; it may be that it acquires new potency in some way, and that the difference in the range of the periods is to be ascribed to the circumstance that there are different strains of the infective organism which exhibit differences in the duration of the cycle of their lifehistory. The evidence, such as it is, furnished in regard to whoopingcough in the foregoing pages, is not wholly in accord with the theory but it is probable from what is known of the life history of the whooping-cough organism, which is a bacillus, that it is very different from that of the probably protozoal form of the organisms of measles and small-pox. Now that the principal periodicities of epidemics in both measles and whooping-cough have been determined for the same group of large towns it is possible to discuss the question of concurrent or sequent epidemics of measles and whooping-cough. Whooping-cough is usually said to occur frequently in association with measles, but it appears probable that this association has been exaggerated and there seems to be a difference of opinion as to the order of sequence with respect to one another in which these two diseases occur, It has been generally supposed that measles predisposes to, or in some way prepares the way for, whooping-cough. Hirsch [4] states that in 495 epidemics of whooping-cough a coincidence with an epidemic of measles was noted ninety-four times. In fifty-six of these the diseases occurred together, in eleven whooping-couigh preceded measles and in twenty-five it came after. According to Dr. Laing [31 and Dr. Wilson [5] epidemics of measles and whooping-cough alterpate in Aberdeen with considerable regularity, measles following whooping-cough rather than the latter the former. The following table (Table VI) gives in juxtaposition the principal periods found for measles and whooping-cough in six of the large towns that have been under investigation, viz., London, Birmingham, Bristol, Glasgow, Liverpool and Salford. It will be seen from the table that in Birmingham and Salford approximately similar periods occur in the two diseases, but that in some of the other towns there is considerable divergence in the length of intervals between epidemics. It would thus appear, if the influence of the principal periodicity due to the organism alone be considered, that if in any one town of the latter group in any one year the epidemics of the two diseases are concurrent a certain number of years must elapse before concurrence again takes place, and in the interval the epidemic of whooping-cough will for a series of years& alternately precede and succeed the epidemic of measles or vice versa. In a town such as Birmingham or Salford, on the other hand, if theepidemics are concurrent in any one year, they will exhibit a tendency to concurrence in succeeding years. The existence of multipleperiodicities in one or both diseases in certain of the towns and the difference in the maximum seasonal prevalence of the two diseaseswhooping-cough being most prevalent in the early months of the yearand epidemics of measles showing a tendency to develop in the early winter and early summer-make the time relationship more complicated. The concurrence or otherwise of epidemics of measles and whoopingcough is, nevertheless, apparently dependent on the combined action of the periodicity due to the organism and that due to the season of the year, and from the varying periodicity found in different localities it is clear that the proportionate degree and order of sequence, or con-currence, may vary widely in these.
CONCLUSIONS.
From the foregoing account it seems possible to draw some con-clusions, of which the principal are the following: (1) That, while the periodicities do not appear to be so notable or so well-defined in whooping-cough as in mneasles in the corres-ponding towns, there is conclusive evidence of a more or less regular periodicity in the majority of those considered, and that the cycles are too definite to be regarded as due to accident.
(2) That whooping-cough in London is a less complex infection than. measles, in the latter of which there are many variants of the organism causing multiple periodicities. (4) That the variable periodicities found in different localities in whooping-cough are to a certain extent confirmatory evidence of the causal condition, being, as has been suggested in measles, connected primarily with variations in the quality of the contagium, or with different strains of the organism causing the disease having a different duration in their life-history, and it is probable that the differences found in the two diseases are to be explained by the presumed different nature of the causal organisms and consequent differences in their lifehistories. (5) That the concurrence or relative order of sequence of the epidemics of whooping-cough and measles is a function of the periodicities due to the organism and that due to seasonal influence, and that as the former vary in different localities so also will the proportion of cases vary in which the epidemics are coincident, and in which whooping-cough precedes measles, or vice versa.
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APPENDIX.
TABULATION OF STATISTICS.
Reference has been made in the foregoing paper to the use of a mechanical system for the purpose of recording and arranging the data for the various towns, and to reduce the arithmetical work required for their analysis. This was desirable to obviate the necessity of rewriting the figures denoting the numbers of weekly deaths for the periods of different length preparatory to making the required summations by the adding machine. It has been thought advisable to write a short account of the scheme adopted, as it may be of interest to those engaged upon somewhat similar work. In the method, cards of a typs called the "tabulating card " are necessary, and electrically-propelled machines to deal with these. The tabulating cards are of oblong shape, 71 in. by 31 in., and have printed on them forty-five vertical columns of figures running from 0 at the head of the column to 9 at its foot. These columns may be divided by lines into "fields." The number of columns in a field depends upon the varying number of items to be recorded; thus a two-column field provides for the record of all numbers from 0 to 99, a three-column field for recording all numbers up to 999, and so on. In the present case all the information to be recorded on the card is in numerical form, but where this is not so the details require to be coded. The machines are of three kinds: (1) A punching machine for perforating the cards, (2) an automatic sorting and counting machine, and (3) an automatic tabulating machine. The punching machine is fitted with a keyboard of parallel keys, numbered in exact correspondence with the tabulating card. The cards pass automatically through the machine, and the keys are pulled into positions which depend upon the numbers required. When the keys are in the desired position, the depression of a lever punches holes in the card in the positions assigned to the numbers indicated at the lower margin of the keyboard, and the punched card is automatically thrown out into a receptacle. The depression of the lever causes the keys to revert to the neutral position, and a fresh card passes into the machine. Temporary pressure on a second lever retains the keys in their acquired position, so that cards may be punched in duplicate or triplicate if desired.
In the whooping-cough investigation four columns of the card were allktted to the record of the number of the week, as the period of forty-one years necessitated provision for the representation of 2,132 weeks. Subsequent "fields " were set apart for recording the weekly deaths from whoopingcough in the various towns, a "field" of three columns being reserved for the London figures where the weekly returns were large and ran occasionally into three figures, and fields of two columns for each of the remaining towns. The tabulating cards were punched in the manner described, each card ultimately containing a record o\f the numerical order of a certain week as well as the number of the deaths from whooping-cough in that week in each of the eleven towns. Cards were punched for the whole 2,132 weeks of the fortyone years. In an ordinary investigation the cards which have had the requisite holes punched in the different fields are now passed on to the automatic sorting and counting machine. The punched-holes in the card control the mechanism of the sorting machine in a manner roughly analogous to that by which the mechanism of a pianola is controlled by the punched holes in the music roll. Electrical connexion, established through the punched hole in the card by means of pins on a movable framework, moves a lever which automatically raises the lid of the compartment into which a card with the hole punched in that position should be deposited. This machine both sorts the cards into.
any groups required and counts them as they pass into the receptacles allotted to the different groups. The process is very rapid, the cards going through at the rate of 14,000 an hour. In the present investigation the sorting machine was not utilized, but the cards were sorted by hand into the required groups preparatory to their passage through the third machine-viz., the automatic tabulating machine. The cards having been retained in serial order, were first hand-sorted into groups of eighty, the first group containing the first, eightyfirst, one hundred and sixty-first, two hundred and forty-first cards, &c., in the series; the second containing the second, eighty-second, one hundred and sixty-second, two hundred and forty-second, and so on. When the cards werearranged in this manner, a space" card and a total" card were placed in the intervals between the successive groups, and the whole series was passed through the tabulating machine. The tabulating machine is so devised that it can print the individual totals on the tabulating -cards that pass through it as well as their sum or the sum of these totals alone. In this case the totals of the columns of the figures arranged in periods of eighty rows for all the eleven towns were first printed automatically on a roll of paper in parallel vertical columns. Time was saved by having a duplicate set of punched tabulating cards. While one set, which had been arranged in groups of a certain length, was passing through the machine the other set of cards was being hand-sorted preparatory to tabulation. Hand-sorting was adopted in the present instance because, after the cards had been suitably distributed in groups for any one period, all that was necessary to rearrange them preparatory to the tabulation of a subsequent period was, the cards having been retained in serial groups, to take one card from the beginning of the second group and place it at the end of the previous one, to take two from the beginning of the third group, to be added to the %second group, three from the beginning of the fourth group to be added to the end of the third group, and toS continue this procedure systematically throughout the series.
there is no suggestion that the components of the curve are associated, the one with the north side and the other with the south side of the river, as Dr. Brownlee holds is the case in measles. This last named suggestion, indeed, .bewilders me, inasmuch as I work every.day in sight of Waterloo Bridge, and am continually seeing and meeting children coming from South London, possible hosts of paramoecia of eighty-seven weeks' periodicity, and children from North London, possible hosts of paramoecia of ninety-seven weeks' periodicity. I confess that the more I think about it the less am I able to comprehend how two sets of children can possibly continue to live as it were cheek by jowl without one set influencing the othe'r so far as measles is concerned.
